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Role of galectin-8 as a modulator of cell adhesion
and cell growth
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Galectin-8 belongs to the family of tandem-repeat type galectins. It consists as several isoforms, each made of two domains
of ∼140 amino-acids, both having a carbohydrate recognition domain (CRD). These domains are joined by a ‘link peptide’
of variable length. The human galectin-8 gene covers 33 kbp of genomic DNA. It is localized on chromosome 1 (1q42.11)
and contains 11 exons. The gene produces by alternative splicing 14 different transcripts, altogether encoding 6 proteins.
Galectin-8, like other galectins, is a secreted protein. Upon secretion galectin-8 acts as a physiological modulator of cell
adhesion. When immobilized, it functions as a matrix protein equipotent to fibronectin in promoting cell adhesion by ligation
and clustering of a selective subset of cell surface integrin receptors. Complex formation between galectin-8 and integrins
involves sugar-protein interactions and triggers integrin-mediated signaling cascades such as Tyr phosphorylation of FAK
and paxillin. In contrast, when present in excess as a soluble ligand, galectin-8 (like fibronectin) forms a complex with
integrins that negatively regulates cell adhesion. Such a mechanism allows local signals emitted by secreted galectin-8
to specify territories available for cell adhesion and migration. Due to its dual effects on the adhesive properties of cells
and its association with fibronectin, galectin-8 might be considered as a novel type of a matricellular protein. Galectin-8
levels of expression positively correlate with certain human neoplasms, prostate cancer being the best example studied
thus far. The overexpressed lectin might give these neoplasms some growth and metastasis related advantages due to its
ability to modulate cell adhesion and cellular growth. Hence, galectin-8 may modulate cell-matrix interactions and regulate
cellular functions in a variety of physiological and pathological conditions.
Published in 2004.
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Introduction

Galectin-8 [1], is a 34 kDa protein made of tandem-repeat
carbohydrate recognition domains (CRDs), joined by a ‘link’
peptide. In vitro translation products of galectin-8 cDNA or
bacterially-expressed recombinant galectin-8 (rGalectin-8) are
biologically active, possess sugar-binding and express strong
hemagglutination activity [1]. In many aspects, galectin-8 re-
sembles other tandem-repeat type galectins; nonetheless, sev-
eral features of galectin-8 single it out of the entire galectin
family. These features are discussed in this review.

Protein structure of galectin-8

Galectin-8 was originally cloned from a rat liver cDNA li-
brary. The isolated clone contained an open reading frame that
codes for 316 amino acids, which forms a protein of about

To whom correspondence should be addressed: Yehiel Zick, Depart-
ment of Molecular Cell Biology, The Weizmann Institute of Science,
Rehovot 76100, Israel. Tel.: 972-89-342-380; Fax: 972-89-344-125;
E-mail: Yehiel.zick@weizmann ac.il

35 kDa. Structurally, galectin-8 belongs to the tandem-repeat
type galectins. Other members of this family are a 32-kDa
galectin from Caenorhabditis elegans [2] (CE-galectin), as well
as galectin-4 [3]; -6 [4], -9 [5], and -12 [6]. All members of this
group contain two CRDs connected by a link peptide (Figure 1).
The N- and C-terminal domains share ∼35% homology, and
both domains contain sequence motifs (e.g. HXNPR; WGXEE)
that have been conserved among most carbohydrate recogni-
tion domains of galectins [7,8]. At the level of amino acids,
galectin-8 shares ∼30–40% identity with other tandem-repeat
type galectins, but no homology with any known protein is
found in the region of the link peptide. Galectin-8 contains four
potential N-linked glycosylation (Asn-X-Ser/Thr) sites. How-
ever, the fact that denatured and reduced hepatic galectin-8 has a
similar mobility on SDS-PAGE as its bacterially-expressed re-
combinant counterpart (rGalectin-8) [1], suggests, though not
proves, that native galectin-8 is neither heavily glycosylated,
nor it is subjected to extensive post-translational modifications
(e.g. phosphorylation).

The predicted secondary structure of galectin-8 reveals that
its N- and C-terminal domains are structurally homologous,
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Figure 1. Galectin-8 encodes for a galectin with two homol-
ogous carbohydrate-binding regions. A schematic structure
of galectin-8 is presented. Each box represents a putative
carbohydrate-binding domain, linked by a 24–74 amino acid long
peptide. Shown are selected invariant amino acids preserved in
most galectins analyzed so far.

as expected from their primary structure. Both domains are
predicted to form several β-sheets, a structural feature of other
galectins [9,10]. Based upon the known crystal structure of
galectin-1 homodimer [11], a model structure of galectin-8 was
built. Galectin-8 presumably consists of continuous two 10-
and 12-stranded anti parallel β-sheets that extend in a two-fold
symmetric fashion across the interface of its N- and C-terminal
domains. The carbohydrate binding sites are at the far-end of
each domain, and no disulfide links are predicted (Figure 2).

Although galectin-8 contains two CRDs, potential differ-
ences in sugar-binding between the domains is predicted from a
critical difference in their sequence [WGXEXI vs. WGXEXR
at the N- and C-terminal CRDs of galectin-8, respectively (cf.
Figure 1)]. The (bold) Arg residue has been implicated as play-
ing an important role in the interactions between galectins and
the glucose moiety of lactose [12]. Furthermore, site-directed
mutagenesis studies [13] indicated that substitution of this con-
served Arg for His, abolishes sugar binding. The presence of
Ile90 (instead of an Arg) at the N-terminal CRD of galectin-
8 suggests that galectin’s CRD might accommodate non-basic
amino acids at this site, which might result in alteration of its
sugar-binding specificity. Hence, galectin-8 could function as
a hetero-bifunctional crosslinking agent and therefore have a
broadened range of interactive capacity. Cloning of several hu-
man homologues of galectin-8 [14,15], in which the WG-E-I
motif is conserved, lends further support to this notion, and
suggests that this unique architecture is presumably a common
feature of all isoforms of galectin-8.

Genomic structure of galectin-8

Galectins containing tandemly repeated CRD domains, such as
galectin-8, presumably arose during evolution by duplication
and subsequent divergence of relevant exons from genes en-
coding prototype galectins. The ∼35% amino acid similarity
between the N-CRD and C-CRD of galectin-8 substantiate this
notion [1]. The human galectin-8 gene covers 33 kbp of genomic
DNA. It is localized on chromosome 1 (1q42.11) and contains
11 exons. Exons 2–11 contain the coding sequences. The gene
produces by alternative splicing 14 different transcripts, alto-

gether encoding 6 proteins. The mRNA of most transcripts has
a short 5′-UTR, but the 3′UTR is among the 5% longest found to
date, and as such it may serve a regulatory function. Of interest,
the galectin-8 gene, is antisense over ∼1 kbp, both at its 5′ and
3′ ends, to two separate gene, each encoding a protein of yet un-
known function. Hence, the possibility that galectin-8 mRNAs
may be present and stable only in the absence of matching mR-
NAs from genes on the other strand and vice versa should be
considered.

Galectin-8 isoforms

The deduced amino acid sequences of rat and human galectin-8
reveal that the galectin-8 gene encodes at least six isoforms of
the protein [15–17]. All six isoforms contain the N-terminal re-
gion of galectin-8, with its unique WGXEXI “signature motif”.
Two of the six isoforms are, in fact, prototype galectins because
they lack the C-terminal domain of galectin-8, and contain only
the N-terminal domain, fused to ‘hinge’ regions bearing differ-
ent length insertions. The four isoforms that are of the tandem-
repeat type, also differ in the size of their “hinge region” which
varies in length from 24 to 74 amino acids. The presence of at
least six isoforms of galectin-8 indicates that this lectin should
be considered as a sub-family among the galectins. The variable
length of the “hinge region” is likely to affect the repertoire of
the glycoproteins which interact with the tandem-repeat type
galectin-8, because the two CRDs spaced at different distances
are likely to bind different spatially oriented carbohydrates. This
may affect the function of galectin-8 and may account for the
presence of its different isoforms.

Galectin-8 as a secreted protein

Galectin-8, like other galectins, is a secreted protein [18]. Ac-
cordingly, galectin-8 is found on the surface of several cell lines,
and it can be released from the cell surface by trypsinization
[18]. Hence, galectin-8, like other galectins, is expected to func-
tion, at least in part, extracellularly. Having no signal peptide,
the mode of secretion of galectins is largely unknown. How-
ever, it has been previously shown that secreted galectins are
concentrated in evaginations of the plasma membrane, which
pinch off to form labile lectin-rich extracellular vesicles which
may interact with cell surface proteins [10,19–21]. Atypical
secretion is not a unique property of galectins, since other cyto-
plasmic proteins like thioredoxin [22], interleukin-1β [23] and
basic FGF [24] lack a signal sequence, yet are externalized and
function extracellularly.

In that respect, it is of interest to note that recombinant
galectin-8 remains soluble, and maintains sugar-binding capac-
ity even when extracted and purified in the absence of reduc-
ing agents [25]. These findings are compatible with the notion
[26] that a reducing environment is not necessarily required to
maintain sugar binding of galectins. This conclusion has some-
what broader implications and supports the notion that at least
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Figure 2. Predicted three-dimensional structure of Galectin-8. A model structure of galectin-8, based upon the known structure of
galectin-1 [76] and galectin-2 [12] homodimers (∼34% identity), was built using the Homology (Biosym, San Diego, CA) program.
The models were mainly based upon the structure of galectin-1 except for two loops (one in each domain) which were more similar
to the corresponding loops in galectin-2. The initial model of the hetero-dimer was energy minimized using the program Encad [77].
The Cα atoms were restricted to their initial positions so that the overall fold of the polypeptide chain is not disrupted. The energy-
minimized structure showed good geometry, with bond lengths, bond angles, and main-chain and side-chain torsion angles were
within the expected ranges of values. The overall self-compatibility score [78], as implemented in the Biosym/Homology system,
which measures the compatibility of the sequence with the predicted three dimensional structure, was high and positive for the whole
sequence. The link peptide that connects the N- and C-terminal CRD’s did not have a counterpart in the template structures and
could not be modeled. Secondary structure prediction programs (e.g. PHD [79]), suggested that this fragment is an irregular coil.
The ribbon represents the predicted orientation of the polypeptide backbone of the N-CRD of galectin-8 (blue); C-CRD of galectin-8
(brown); and the known X-Ray structure of galectin-1 homodimer ([76] (purple)). The link peptide of galectin-8, whose predicted
structure is unknown, is presented as an arbitrary random coil (white).

galectin-8, and other galectins as well, presumably can function
outside the cells for prolonged periods of time in a non-reducing
environment, without being inactivated.

Tissue distribution and subcellular
localization of galectin-8

The expression of galectin-8 in different tissues was exam-
ined by Northern and Western blot analysis [1,17,18]. Un-
like other galectins with a limited tissue distribution (e.g.

galectin-4, [3]), galectin-8 is expressed in many tissues includ-
ing lung, liver, kidney, spleen, hind-limb, and cardiac muscle.
Low levels of expression were detected in intestine, colon, fat,
and thymus. These results demonstrate that although galectin-8
is a fairly abundant protein, it is not ubiquitously expressed.
Expression of galectin-8 is observed only in the cytoplasm.
However, galectin-8 is not uniformly spread throughout the cy-
toplasm [1,14,17,25,27]. Instead, it shows a micro-clustering
pattern reminiscent of that seen with proteins associated with
mitochondria, the Golgi or trans-Golgi membranes. A similar



520 Zick et al.

intracellular distribution was observed for some other galectins
as well [28–30].

Expression of galectin-8 seems to be developmentally regu-
lated. Very low levels of expression were noted in whole em-
bryos [1], while high levels of expression were noted in adult
tissues. In that respect galectin-8 might resemble other galectins
that were implicated as regulators of cell growth [31,32], and
embryogenesis [33].

Functional role of galectin-8

Galectin-8 as a mediator of cell adhesion

Extracellular matrix (ECM) proteins have an important func-
tion in providing structural integrity to tissues, and in pre-
senting proper environmental cues for cell adhesion, migra-
tion, growth, and differentiation [34]. All of these aspects rely
on the spatio-temporal expression of adhesive as well as anti-
adhesive components in extracellular matrices and on the cell
surface [35]. ‘Classical’ ECM proteins like fibronectin, col-
lagen, and laminin were intensively studied, and their role
as mediators of cell adhesion is best characterized [36]. Yet,
cell adhesion also depends upon carbohydrate-protein inter-
actions, mediated by mammalian lectins of different families
[37]. Selectins function as mediators of cell-cell interactions
[38], through calcium-dependent recognition of sialylated gly-
cans [39]. Similarly, galectins were implicated as modulators
of cell adhesion (reviewed in [40–42]) and were shown to en-
hance [20,43] or inhibit [19,44] cell-matrix interactions under
different experimental setups.

Studies of galectin-8 revealed that galectin-8 positively or
negatively regulates cell adhesion, depending on the extracellu-
lar context [18,45]. When immobilized onto matrix, galectin-8
can be classified as novel ECM protein equipotent to fibronectin
in promoting cell adhesion, spreading and migration [45]. Ac-
cordingly, cell adhesion to galectin-8 triggers integrin-mediated
signaling cascades such as Tyr phosphorylation of FAK and
paxillin. In contrast, excess soluble galectin-8 interacts both
with cell surface integrins and with other soluble ECM pro-
teins, such as fibronectin, and inhibits cell-matrix interactions.

Integrins mediate cell adhesion to galectin-8

Modulation of cell adhesion by galectin-8 is mediated upon
interactions of galectin-8 with a selective subgroup of cell sur-
face integrins. Several lines of evidence support this notion:
First, soluble galectin-8 selectively inhibits cell adhesion to
plates coated with integrin ligands laminin and fibronectin,
while it fails to inhibit cell adhesion to the non-specific sub-
stratum polylysine [18,45]. More important, unlike fibronectin
that binds most integrins [46], galectin-8 selectively interacts
with a subgroup of integrin subunits that include α3, α6, and β1

while it interacts to a very limited extent with α4 and β3 integrins
[18]. Moreover, galectin-8 interactions with integrins involves
its binding to sugar moieties, rather than the ligand-binding site

Figure 3. Binding of integrins to immobilized galectin-8. Cell
Extracts of H1299 human lung carcinoma cells were incubated
for 2 h at 4◦C with immobilized-GST (2 mg) or with immobilized-
GST-galectin-8 (1 mg) as described [18]. Whwn indicated, incu-
bation was carried out in the presence of 10 mM TDG. Following
incubation, the beads were washed and bound proteins were
subjected to SDS-PAGE, transferred to a nitrocellulose mem-
brane, blocked, and incubated with polyclonal anti-α3 integrin
antibodies or (top) anti-β1 integrin antibodies (bottom).

on the extracellular domain of the integrin molecules. As shown
in Figure 3, galectin-8 selectively interacts with sugar moieties
of α3A integrin, although this isoform is less abundant than its
counterpart α3B isoform. Hence, sugar residues at the extracel-
lular domain of specific integrins like α6, α3A and β1 are key
cellular components which selectively bind galectin-8, making
these integrins potential receptors that could mediate the effects
of galectin-8 on cell adhesion. This idea is supported by the fact
that β1-integrin antibodies, directed towards protein epitopes,
are less efficacious in inhibiting cell adhesion to immobilized
galectin-8; that adhesion to galectin-8 is only partially sensitive
to depletion of divalent cations (with EDTA), and it is com-
pletely insensitive to the presence of RGD peptides. Still, the
ability of EDTA and Mn2+ to inhibit or potentiate, respectively,
cell adhesion to galectin-8, suggests that the metal-bound con-
formation of integrins, is the preferred conformation that pro-
motes adhesion to galectin-8.

Interaction of galectin-8 with integrins seems to be of phys-
iological relevance. Immunofluorescence and immunohisto-
chemical studies revealed that addition of rGalectin-8 to intact
1299 cells inhibited subsequent binding of α3- or -β1 antibod-
ies, directed towards the extracellular region of these proteins
[18], while inclusion of galectin-8 antibodies eliminated this
inhibitory effect. These observations indicate that binding of
galectin-8 to the cells masks essential antigenic determinants
on the integrin surface, and supports the notion that galectin-8
interacts with integrins present in their native milieu within the
context of an intact cell. Indeed, galectin-8 and α3β1 form com-
plexes in intact cells that can be isolated by precipitation with
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Figure 4. Cytoskeletal organization of cells adherent to galectin-8 or fibronectin. Cover glasses were precoated for 2 h at 22◦C
with 1 ml of fibronectin (0.04 µM) (A, B) or galectin-8 (0.7 µM) (C, D). NIH-hIR cells were grown on tissue culture plates and were
incubated for 16 h in serum-free medium. Cells were detached from the culture plates with 5 mM EDTA, washed, and were incubated
in suspension for 30 min at 37◦C in serum-free medium. Cells were then seeded in serum-free medium on the coated cover glasses.
Following 2 h incubation at 37◦C cells were washed 3 times with PBS and fixed with paraformaldehyde (3%) containing 0.5% Triton
X-100 for 5 min. Then, the cells were further incubated with paraformaldehyde (3%) for 30 min. Following 3 washes with PBS, cells
were incubated for 1 h at 22◦C with anti vinculin monoclonal antibody (B, D) or with TRITC-labeled phalloidine (A, C), all diluted in
PBS. The specimens were washed 3 times with PBS and further incubated for 1 h at 22◦C with secondary Cy3-conjugated goat
anti-mouse antibodies in PBS (beside TRITC-labeled phalloidine specimens). Finally, the specimens were washed, mounted with
elvanol onto glass microscope slides and examined on Zeiss fluorescence microscope.

specific α3-antibodies [18]. These observations suggest that a
secreted form of galectin-8 might act in an autocrine fashion
when it remains bound to the extracellular regions of integrins
expressed on the cell surface. Collectively, these findings im-
plicate integrins as major cellular components through which a
secreted galectin-8 manifests its biological activities.

Other galectins were also found to interact with inte-
grins. Galectin-3 binds α1β1 integrin [47]; galectin-1 interacts
with integrin α7β1 expressed on the surface of differentiat-
ing myoblasts [48], whereas αMβ2-integrin, otherwise known
as CD11b/18 or complement receptor, is a major receptor for
galectin-1 [49] and -3 [50]. Hence, different galectins might se-
lectively regulate interactions of integrins with matrix proteins.
The presence of a modified sugar-binding site at the N-CRD,
and the unique sequences that flank this region [1,25], could
confer upon galectin-8 its ability to interact with specific extra-
cellular domains of integrins, not recognized by other galectins.

Cytoskeletal organization and signal cascades triggered upon
cell adhesion onto galectin-8

Interaction of cell surface integrins with immobilized galectin-
8 promotes cell attachment followed by cellular spreading. The
ability of immobilized galectin-8 to promote both processes is

evident from immunofluorescence studies which demonstrate
the elaborated spreading of cells which takes place on immobi-
lized galectin-8 (Figure 4). In fact, cells adhere and spread onto
plates coated with galectin-8 with kinetics and efficacy simi-
lar to that found when cells adhere to fibronectin [45]. In spite
of its functional similarity to other ECM proteins, galectin-8
manifests several distinct features. Most striking are the dif-
ferences in cytoskeletal organization and focal contact forma-
tion induced by galectin-8, compared to those induced by fi-
bronectin (Figure 4). While cells adherent onto fibronectin de-
velop an elaborated network of actin bundles associated with
well-developed focal contacts, cells attached to galectin-8 man-
ifest a poorly organized network of actin microfilaments, with
small focal contacts distributed mainly at the cell periphery.
More importantly, many of these adhesion sites contain min-
imal amounts of vinculin or paxillin, which correlates with a
reduced Tyr phosphorylation of paxillin [45], suggesting that
other proteins presumably act in conjunction with integrins to
propagate the intracellular signals evoked upon cell adhesion
to galectin-8. This idea is not surprising in view of the fact that
adhesion complexes show extraordinary structural and molec-
ular diversity, and sites of cell adhesion to the ECM can be
mediated by a variety of matrix molecules and integrin proteins
[51].
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A related aspect is the Tyr phosphorylation of focal adhe-
sion kinase (FAK), which takes place upon cell adhesion to
galectin-8 [45]. This observation is consistent with the fact that
galectin-8 by virtue of its two CRDs binds [18] and presumably
aggregates β1 integrins subunits, the main upstream activators
of FAK [52]. Still, galectin-8-induced activation of FAK is in-
dependent of focal adhesion formation, a phenomena already
observed in other cellular systems [53]. Hence, FAK phospho-
rylation which takes places during early stages of cell-matrix
interactions is a common signal emitted upon cell adhesion to
fibronectin or galectin-8. Thereafter, bifurcation of signals me-
diated by fibronectin and galectin-8 presumably takes place.
Fibronectin recruits additional cytoskeletal elements like vin-
culin and paxillin, and induces their Tyr phosphorylation, while
galectin-8 fails to do so and presumably emits a different set
of signals [45]. Of relevance to this argument is the fact that
galectin-8 effectively stimulates, better than fibronectin, the ac-
tivities of protein kinase B, p70S6 kinase, as well as MAPK
(Levy et al. unpublished) which is undetected in focal adhe-
sions [52].

The differences in cytoskeletal organization between cells
adherent to fibronectin vs. galectin-8 could be attributed to
their different mode of interaction with integrins. Galectin-8
interactions with integrins involves its binding to sugar moi-
eties, rather than the ligand-binding site on the extracellular
domain of the integrin molecules. Hence, formation of protein-
protein complexes upon binding of integrins to fibronectin, vs.
the formation of protein-sugar complexes between galectin-8
and integrins offers a molecular aspect for the differences in
cytoskeletal organization and signaling induced by these two
matrices. Indeed, the less-developed pattern of actin filaments
and focal contacts observed in cells seeded on galectin-8 resem-
bles the appearance of cells whose integrins were aggregated in
the absence of a ligand (e.g. RGD peptide) [54], suggesting that
galectin-8, presumably fails to occupy the protein-ligand bind-
ing site of integrins, while it effectively induces aggregation
of these receptors. The possibility that immobilized galectin-
8 induces integrin clustering is consistent with the fact that a
truncated form of galectin-8, which contains only its N-terminal
half with a single CRD, is much less efficient (about 5 fold) in
functioning as an ECM protein that promotes cell adhesion [45].
These findings suggest that ligation of cell surface integrins is
necessary but insufficient to trigger the biological functions of
immobilized galectin-8, and receptor clustering, in addition to
receptor occupancy, is required to promote the adhesive effects
of galectin-8. In that respect, galectin-8 resembles “classical”
ECM proteins that induce integrin aggregation to trigger cell ad-
hesion and to initiate the signaling cascaded generated thereof
[55,56].

Cell adhesion to immobilized galectin-8 is inhibited in the
presence of serum. These findings suggest that complex for-
mation between galectin-8 and serum components generates a
matrix that attenuates cell adhesion. This phenomenon is com-
patible with the ability of galectin-8 to promote cell motility.

Indeed, cells readily migrate on plates coated with galectin-8 (in
the presence of serum) indicating that complexes of galectin-8
with matrix/serum components are presumably advantageous
when cellular migration is in effect and their formation might
play a physiological role in the regulation of cellular motility.
Galectin-8 binds serum fibronectin [45] by virtue of its affin-
ity for glycans carrying multiple N -acetyllactosamine units.
Other galectins were also shown to bind to certain isoforms of
laminin and fibronectin that express such glycans [41,44]. Still,
generation of fibronectin-galectin-8 complexes does not seem
to interfere with cell adhesion since cell adhesion to immobi-
lized galectin-8 is not interrupted in the presence of purified
fibronectin [45].

Cell adhesion is also inhibited by exogenously-added solu-
ble galectin-8. In that respect galectin-8 resembles other solu-
ble ECM proteins like laminin [57] and fibronectin [58,59] that
inhibit cell adhesion upon binding to integrins. Hence, pertur-
bation of the physiological galectin-integrin complexes, upon
addition of excess soluble galectin-8, presumably masks the
integrin ligand binding sites and thus impairs cell adhesion
to integrin ligands such as fibronectin. Alternatively, soluble
galectin-8 could induce the internalization of cell surface inte-
grins and in such a way impair cell adhesion. This possibility
is supported by recent findings indicating that galectin-3 can
mediate the endocytosis of β1 integrins [60]. The effects of
soluble galectin-8 resemble other galectins, such as galectin-1
and galectin-3 that can induce internalization of cell adhesion
receptors, or can induce steric hindrance when bound mono-
valently to cellular receptors or to matrix proteins (cf. [41] for
a recent review). Inhibition of cell adhesion induced by solu-
ble galectin-8 is further complicated by the fact that galectin-8
also binds soluble fibronectin present in the serum [18]. Hence,
the anti-adhesive effects of galectin-8 could be mediated either
upon direct binding of excess soluble galectin-8 to cell sur-
face integrins, or alternatively, upon binding and recruitment
to the cell surface of other soluble ECM proteins such as fi-
bronectin that, when soluble, could exert an anti-adhesive effect
of their own [58,59]. This function requires the occupancy of
both CRDs of the native galectin-8, and might account for the
inability of the truncated monovalent soluble N-galectin-8 to
inhibit cell adhesion. The inhibitory effects of galectin-8 were
reversed by manganese ions, a powerful activator of integrins,
suggesting that ligation by soluble galectin-8 may stabilize in-
tegrins in a low affinity state [18]. Altogether, the function of
soluble galectin-8 seems to be dictated by the combinatorial
arrangement of available cell surface and extracellular ligands
(Scheme 1).

Due to its pro- and anti-adhesive functions galectin-8 can be
considered as a novel member of adhesion-modulating proteins
such as SPARC, thrombospondin, tenascin, hevin and disin-
tegrins [61–63], collectively known as matricellular proteins.
Still, it should be emphasized that the action of matricellu-
lar proteins depends upon protein-protein interactions, while
galectin-8’s function depends upon sugar-protein interactions.



Role of galectin-8 as a modulator of cell adhesion and cell growth 523

Scheme 1. Function of Galectin-8 as a matricellular protein. Immobilized galectin-8 functions as a matrix protein equipotent to
fibronectin in promoting cell adhesion by ligation and clustering sugar moieties of cell surface integrin receptors. Adhesion to
galectin-8 triggers integrin-mediated signaling cascades such as Tyr phosphorylation of FAK and paxillin. In contrast, when present
in excess as a soluble ligand, galectin-8 interacts both with integrins and other soluble matrix proteins such as fibronectin, to negatively
regulate cell-matrix interactions in a sugar-dependent manner. Such mechanism allows local signals emitted by galectin-8 to specify
territories non accessible for cell adhesion. This implicates members of the galectin family as a novel class of matricellular proteins.
Taken from [45].

Such usage of the glyco-code adds a novel biological role for
lectin-carbohydrate interactions.

Galectin-8 as a mediator of cell growth

The inhibitory effects of soluble galectin-8 on cell adhesion cor-
respond to its effects on cellular growth. In line with this idea are
the experiments demonstrating inhibition of colony formation
in lung carcinoma cells transfected with the gene coding for
galectin-8 [18]. A similar effect was observed, when another
tandem-repeat type, galectin-12, was overexpressed in HeLa
cells [6]. The inhibitory effects of the overexpressed galectin-8
could be accounted for by an autocrine effect of the secreted
lectin that interacts with the available cell surface integrins, thus
preventing altogether cell adhesion, similar to its anti inhibitory
role when added as a soluble ligand. Alternatively, galectin-8
could act intracellularly and inhibit cell growth by as yet unde-
fined mechanism.

Inhibition of matrix-integrins interactions has been impli-
cated in the induction of apoptosis in cells denied of anchorage
[64,65]. Indeed, galectin-8 is an effective inducer of an apop-
totic process in several cell types [18]. Apoptosis, like binding
to integrins, is prevented upon inclusion of thiodigalactoside,
suggesting that both events are at least partially mediated by in-
teractions of galectin-8 with cell surface glycoconjugates. How-
ever, apoptosis induced by galectin-8 is not secondary to its anti
adhesive signals, because it takes place when galectin-8 is ap-
plied to adherent cells that do not detach during the course of

the experiment. These findings suggest that soluble galectin-8
might induce its anti adhesive and apoptotic effects by two inde-
pendent mechanisms. Furthermore, serum constituents might
act as survival factors to rescue the cells from apoptotic sig-
nals transmitted by galectin-8. Of note, apoptosis induced by
galectin-8 differs from that induced by galectin-1 [66], which
is serum-independent, again suggesting that these two lectins
might act through different mechanisms.

Galectin-8 and cancer

In recent years extensive investigation took place in order to
unmask the complicated role of galectins in many aspects of
human neoplasms (cf. [67–69]). Being only recently examined
in this context, galectin-8 was shown to have different tumor
modulating properties in various human neoplasms, both in
in-vitro and in-vivo (using human tumor xenografts) experi-
ments. Secretion of galectin-8 is markedly enhanced, and its sur-
face expression is highly increased in invasive human prostate
carcinoma, early prostate cancer and prostatic intraepithelial
neoplasia, but not on normal prostate or benign prostatic hy-
pertrophy tissues [14]. For this reason it was formerly called
PCTA-1 (Prostate Cancer Tumor Antigen-1) [14]. High lev-
els of galectin-8 expression is also observed in human lung
carcinoma cells. Of the group of other tumors in which high
galectin-8 levels were detected are central nervous system as-
trocytoma and glioblastoma, the cutaneous T cell Lymphoma,
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and the middle ear cholesteatoma [70–72]. Galectin-8 mRNA
was the most abundantly expressed message of galectins, whose
presence was monitored in 61 human tumor cell lines of differ-
ent origin (breast, colon, lung, brain, skin, kidney, urogenital
system, and hematopoietic system). Expression of galectin-8
was found in all but two of the tested cells [73]. Furthermore,
galectin-8 localizes to the invasive parts of certain glioblastomas
explanted into brains of nude mice [70]. Hence, overexpres-
sion of galectin-8 may represent a key attribute associated with
progression of certain types of tumors. On the other hand, in
Colon carcinoma, the level of galectin-8 expression was found
to decrease markedly during tumorigenesis [74]. Conflicting
evidences came from the benign metastasizing uterine leio-
myoma, where galectin-8 was detected in the minority of cases
studied [75]. Altogether, it seems reasonable to postulate that
galectin-8 levels of expression are not ubiquitous in all human
neoplasms, but are closely correlated with specific neoplasms,
providing them with some growth and metastasis related ad-
vantages.

Currently, there are at least two approaches under investi-
gation concerning the potential role of galectin-8 in prostate
cancer research and treatment. The first is the possibility it may
increase the sensitivity and specificity or even replace the tra-
ditional prostate serum antigen (PSA) screening by permitting
a clear distinction between prostate carcinoma versus normal
gland and BPH, due to the fact it was not found to be expressed
neither by normal prostate tissue, nor by hyperplastic prostate
tissue [14]. The second approach pursues the idea that galectin-
8, due to its modulatory effects on cell adhesion, may even serve
to modify the tumor biology and natural history of the tumor
growth.

In summary, interactions of a secreted galectin-8 with cell
surface integrins inhibits cell adhesion, while immobilized
galectin-8 has the potential to promote cellular attachment,
spreading and migration, therefore galectin-8 may modulate
cell-matrix interactions in a variety of physiological and patho-
logical processes.

Future perspectives

Since the discovery of galectin-8, certain progress has been
made in attempts to unravel its structure, localization, and some
of its physiological functions. Like other galectins, galectin-8
is expected to be a secreted ligand that plays a central role
in fundamental cellular processes such as cell adhesion, cell
growth and apoptosis. Still we are far beyond achieving a clear
understanding of the biological role of galectin-8. Different ex-
perimental approaches are likely to advance our knowledge.
Better understanding of the signaling cascades emitted upon
cell adhesion to galectin-8, combined with analysis of the mech-
anisms involved in its effects on cell cycle progression could
help clarify the mode of action of this lectin. Similarly, detailed
analysis of the sugar-binding specificity of galectin-8 and iden-
tification of galectin-8-binding proteins are likely to produce

useful information. Generation of transgenic mice that overex-
press galectin-8, and production of mice that lack the galectin-8
genes are obvious avenues that should be avidly pursued. Lig-
ation of integrins by ECM proteins triggers transcription of a
unique set of genes. Accordingly, identification of genes whose
expression is modulated upon cell adhesion to galectin-8 may
help in elucidating its biological activity. Collectively, these ex-
amples of possible experimental approaches, are likely to con-
verge into a major undertaking aimed to enlighten novel aspects
related to the mode of action of galectin-8 under physiological
and pathological conditions.
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